Evolution of nucleotide substitutions and gene regulation in the amylase multigenes in Drosophila kikkawai and its sibling species.
In order to determine evolutionary changes in gene regulation and the nucleotide substitution pattern in a multigene family, the amylase multigenes were characterized in Drosophila kikkawai and its sibling species. The nucleotide substitution pattern was investigated. Drosophila kikkawai has four amylase genes. The Amy1 and Amy2 genes are a head-to-head duplication in the middle of the B arm of the second chromosome, while the Amy3 and Amy4 genes are a tail-to-tail duplication near the centromere of the same chromosome. In the sibling species of D. kikkawai (Drosophila bocki, Drosophila leontia, and Drosophila lini), sequencing of the Amy1, Amy2, Amy3, and Amy4 genes revealed that the Amy1 and Amy2 gene group diverged from Amy3 and Amy4 after duplication. In the Amy1 and Amy2 genes, the divergent evolution occurred in the flanking regions; in contrast, the coding regions have evolved in concerted fashion. The electrophoretic pattern of AMY isozymes was also examined. In D. kikkawai and its siblings, two or three electrophoretically different isozymes are encoded by the Amy1 and Amy2 genes (S isozyme) and by the Amy3 and Amy4 genes (F (M) isozymes). The S and F (M) isozymes show different patterns of band intensity when larvae and flies were fed in different media. Amy1 and Amy2, which encode the S isozyme, are more strikingly regulated than Amy3 and Amy4, which encode the F (M) isozyme. The GC content and codon usage bias were higher for the Amy1 and Amy2 genes than for the Amy3 and Amy4 genes. Although the ratio of synonymous and replacement substitutions within the Amy1 and Amy2 gene group was not significantly different from that within the Amy3 and Amy4 gene group, the synonymous substitution rate in the lineage of Amy1 and Amy2 was lower than that of Amy3 and Amy4. In conclusion, after the first duplication but before speciation of four species, the synonymous substitution rate between the two lineages and the electrophoretic pattern of the isozymes encoded by them changed, although we do not know whether there was any evolutionary relationship between the two.